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[57] ABSTRACT 


A floppy disk drive including a pivotally mounted disk 
pack storing a plurality of floppy diskettes, a driver 
mechanism for rotating any one of the diskettes into a 
retrievable position, a picker mechanism for moving the 
one diskette between the retrievable position and an 
operative position at which the diskette is rotatable on a 
spindle, and a position control circuit for controlling the 
position of a recording head across the one diskette 
being in the operative position and for compensating for 
expansion, contraction, and eccentric rotation of the 
one diskette. The floppy diskettes are stored bent in the 
disk pack, but in the operative position the one diskette 
that had been retrieved from the retrievable position is 
stored only partially in the disk pack and parallel to the 
plane of rotation. A microprocessor controls the entire 
disk drive. 


25 Claims, 19 Drawing Figures 
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1 
DISK DRIVE 


TECHNICAL FIELD 


This invention relates to information storage systems 
and, more particularly, to disk storage apparatus and 
drive control apparatus for disk drives. 


BACKGROUND OF THE INVENTION 


Information storage systems are employed to store 
data which are processed by data processors such as 
micro-computers, mini-computers and main frames. A 
disk drive is one type of information storage system 
whose use is rapidly expanding, in part because it pro- 
vides high-capacity, on-line, random access storage for 
small to medium scale computer systems. The data 
storage medium of the disk drive can be a hard, i.e., 
inflexible, disk or a soft, i.e., flexible, disk or diskette, 
known as a floppy disk. The disk drive has a read/write 
recording head that is movable radially across concen- 
tric data tracks on the diskette while the diskette is 
rotated on a spindle. Disk drives are identified by their 
-sizes and given generic names such as mini-drives and 
maxi-drives. z 

As can be appreciated, a wide variety of technical 
problems must be satisfactorily solved before a disk 
drive can be adequately utilized. One problem is to 
provide a disk drive of a given size with a higher, on- 
line, data storage capacity. One type of disk drive solves 
this problem by providing a disk pack which stores a 
plurality of diskettes. A drive mechanism linearly 
moves the disk pack up and down to bring any one of 
the diskettes into a retrievable position. The one dis- 
kette then is retrieved or picked from the disk pack and 
moved inwardly to an operative or rotational position 
on the spindle. After use, the diskette is returned to the 
disk pack and the procedure can then be repeated to 
retrieve another diskette. 

While the storage of a plurality of diskettes in the disk 
pack increases the data storage capacity of the disk 
drive, the linear up and down motion of the pack adds 
to the space requirements of the disk drive. Further- 
more, a relatively complicated drive mechanism is uti- 
lized to move the disk pack up and down. Also, this 
space requirement and complicated drive mechanism 
increase the cost of the disk drive. 

Another problem relates to the design of a picker 
mechanism for retrieving the diskette from, and return- 
ing it to, the disk pack. A prior picker mechanism has 
spring-biased jaws which are driven onto an edge of the 
diskette to open slightly and clamp the diskette. Then, 
the jaws hold the diskette by friction while the diskette 
is moved to the operative position. Thereafter, the jaws 
slide off the diskette to unclamp or release the diskette 
in the operative position. One disadvantage is that the 
jaws are clamped on the jacket of the diskette, which 
can cause wear of the jacket and damage to the data 
storage medium in the jacket. Also, relatively high 
electrical power and a large motor are required to drive 
the jaws onto the diskette edge. Furthermore, the 
power needed to drive the jaws onto the edge must be 
balanced against the power used in moving the jaws 
towards the operative position to prevent the jaws from 
slipping off the edge. 

Yet another problem is the expansion or contraction 
exhibited by the data storage medium in response to 
temperature and humidity conditions. This expansion or 
contraction increases or decreases the distance between 
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centerlines of the concentric data tracks, causing prob- 
lems in accurately positioning or servoing the recording 
head over a data track. One prior disk drive uses an 
outer and an inner servo track being outside and inside 
the data tracks, respectively. The expansion and con- 
traction of the data storage medium are compensated by 
measuring the variable distance between the inner and 
outer servo. tracks, and. then assigning proportional 
locations for all the data tracks which lie between the 
servo tracks. As the recording head-is moved to a par- 
ticular data track, a scale is sensed to detect the distance 
moved by the head. When the distance moved by the 
head indicates that the assigned position has-been 
reached, the head is assumed to be centered over the 


- particular data track and movement of the head is 


stopped. — 

One disadvantage with the above compensation 
scheme is that two servo tracks must be written on the 
storage medium by the diskette manufacturer. The use 
of two servo tracks also reduces the available data stor- 
age capacity of the diskette. Another disadvantage is 
that the recording head must be moved across the dis- 
kette between the inner and outer servo tracks to detect 
their relative positions and calculate the distance be- 
tween them, thereby requiring a relatively long time for 
collecting the data to make the compensation. Still an- 
other disadvantage is the use of a complicated algo- 
rithm for computing the data assigning positions to the 
data tracks. 


SUMMARY OF THE INVENTION 


It is an object of the present invention to provide a 
novel information storage system. 

It is another object of the present invention to pro- 
vide a disk drive of given size and space requirement 
with high storage capacity. 

Yet another object of the present invention is to pro- 
vide a picker mechanism having mechanically actuated 
jaws. 

Still another object of the present invention is to 
provide an improved technique for compensating for 
expansion or contraction of a data storage medium. 

The above and a number of other objects of the pres- 
ent invention are obtained through the use of an infor- 
mation storage system, such as a disk drive, that has a 
pivotal means for storing a plurality of data storage 
devices, such as diskettes, means, including a mechani- 
cally actuated picker mechanism, for picking and mov- 
ing one of the data storage devices from a retrievable 
position of the pivotal storing means to an operative 
position at which the one data storage device is used, 
and a position control circuit for positioning a recording 
head relative to the one data storage device at the oper- 
ative position. The position control circuit compen- 
sates, for example, for expansion or contraction of the 
data storage medium by having a scale which expands 
and contracts proportionally with the data storage me- 
dium to provide information for locating the expanded 
or contracted data tracks on the data storage device. 


BRIEF DESCRIPTION OF THE DRAWINGS 


FIG. 1 is a simplified, partially broken view, in per- 
spective, of a disk drive. 

FIG. 2 is a top view of the disk drive of FIG. 1. 

FIG. 3 is an exploded view, in perspective, of a piv- 
otal storage box and a drive for pivoting the box. 
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FIG. 4 is a section taken along lines 4—4 of a disk 
pack of the pivotal storage box of FIG. 3. 

FIG. 4A is a section taken along lines 4A—4A of 
FIG. 4. 

FIG. 4B is a top view, partially broken away, of the 
disk pack shown in FIG. 3. oa 

FIG. 5, FIG. 6 and FIG. 7 are illustrations used to 
explain the operation of the. pivotal storage box. 

FIG. 8 illustrates, in perspective, a picker mechanism 
for the disk drive of FIG. 1. 

FIG. 9, FIG. 10 and FIG. 11 are illustrations of the 
picker mechanism, partially broken away, used to ex- 
plain its operation. 

FIG. 12 is a top view of a data storage medium of a 
diskette used with the disk drive of FIG. 1. 

FIG. 13 shows a signal waveform used to explain a 
recording head position control circuit utilized by the 
disk drive. 

FIG. 14 is a block diagram of the position control 
circuit. 

FIG. 15 is a perspective view of a disk clamp mecha- 
nism in combination with the picker mechanism. 

FIG. 16 and FIG. 17 are views used to explain the 
operation of clamping and reclamping a diskette on the 
spindle in the operative position. 


DETAILED DESCRIPTION OF THE 
INVENTION 


FIG, 1 and FIG. 2 illustrate an information storage 
system 10. The system 10 is, for example, a disk drive 12 
and, in particular, a floppy disk drive. While the present 
invention will be described in connection with the 
floppy disk drive 12, it will become apparent that a 
number of the components to be described can be uti- 
lized for other information storage systems in general 
and other types of disk drives in particular. 

Disk drive 12 has an envelope or base 14 which 
mounts pivotally a box 16 that stores or houses a plural- 
ity of data storage devices 18 such as floppy disks or 
diskettes. A picker mechanism 20 is supported on base 
14 to pick or clamp, and move, any one of the floppy 
diskettes 18 stored in box 16 between a retrievable posi- 
tion into which the one diskette 18 is pivotable and an 
operative position at which the one diskette 18 is rotat- 
able on a spindle 22. 

A position control device 24, connected to the base 
14, includes a carriage 26 which carries and moves a 
recording head 28 radially inwardly and outwardly 
across the diskette 18 being rotated on the spindle 22. 
Position control device 24, as will be further described, 
accurately positions the head 28 with respect to concen- 
tric data tracks on a data storage medium (described 
below) of the diskette 18 after compensating for expan- 
sion or contraction of the data storage medium due to, 
for example, temperature and humidity conditions, or 
after compensating for eccentric rotation of the data 
storage medium due to slight misalignment on the spin- 
dle 22. 

Base 14 also has a straight edge guide 30 which sup- 
ports and guides a diskette 18 during its movement 
between the retrievable position and the operative posi- 
tion. 

As shown in FIG. 3, the pivotable box 16 includes a 
support tray 32 which is pivotally mounted on base 14 
by a pair of pivots at 34 (see also FIG. 1). Tray 32 has 
an open rear end 36 that can be closed by a pivotally 
mounted door 38, connected to base 14 (see FIG. 0), 
and an open front end 40 which faces the spindle 22. 
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4 
Tray 32 also has a flag 41a that is movable into a fixed 
optical sensor 415 to signal that box 16 is in a home 
position, as will be further described. 

Box 16 also includes a disk pack 42 which is insertable 
into the tray 32 through the rear end 36 and rotates with 
tray 32 about pivots 34. Disk pack 42 also has an open 
rear end 44 which can be closed by door 38 and an open 
front end 46 facing spindle 22. Disk pack 42 has a guide 
48 and tray 32 has a pin 50 which locates or centers the 
disk pack 42 via guide 48 upon insertion of the pack 42 
into the tray 32. Disk pack 42 also has a spring-biased 
detent 52 that is biased into a pack groove 54, as well as 
a cut-out 56, for purposes to be described. 

Disk pack 42 removably stores or houses a plurality 
of the diskettes 18. As illustrated in FIG. 4, FIG. 4A 
and FIG. 4B, a side 58 of disk pack 42 has a plurality of 
guides or rails shown generally at 60 for supporting the 
plurality of diskettes 18, respectively. As one example, 
there are five guides 60-1, 60-2, 60-3, 60-4, 60-5, in 
which four are angled, e.g. V-shaped, and one, i.e., 
guide 60-3, is straight. The diskettes 18, which are 
floppy diskettes and, therefore, flexible, are bent or 
follow the angle of guides 60 when supported on these 
four guides. The diskette 18 supported on guide 60-3 is 
straight since this guide is straight. 

Each of the guides 60-1, 60-2, 60-4 and 60-5 has a 
forward, substantially straight guide portion 62-1, 62-2, 
62-4 and 62-5 joining a rearward, substantially straight 
guide portion 64-1, 64-2, 64-4 and 64-5 via an apex 66-1, 
66-2, 66-4 and 66-5. The guide portions 62-1, 62-2, 62-4 
and 62-5 are angled such that their centerlines 68-1, 


.68-2, 68-4, 68-5 extend through a pivot point 69 on side 


58 coincident with the pivots 34. Guide 60-3, which is 
not angled, also has a centerline 68-3 extending through 
point 69. Furthermore, the apices 66-1, 66-2, 66-4 and 
66-5 are approximately one-third in from the front end 


This angling of the guide portions 62-1, 62-2, 62-4 and 
62-5 and location of the apices 66-1, 66-2, 66-4 and 66-5 
provide a number of advantages. The diskettes 18, when 
supported on the plurality of guides 60, are “fanned” at 
the rear end 44 and front end 46. This provides suffi- 
cient space between the diskettes 18 to remove a partic- 
ular diskette by hand from the rear end 44 of disk pack 
42 and, more importantly, to retrieve a particular dis- 
kette from the front end 46 of disk pack 42 by picker 
mechanism 20. Also, there is sufficient spacing between 
the plurality of guides 60 in the area of the apices 66-1, 
etc., to provide, for example, as many as five such 
guides 60 within the given height of disk pack 42. More- 
over, for reasons which will become apparent, the dis- 
tance between a given apex 66-1, etc., and the axis of 
rotation of spindle 22 is equal to the radius of the dis- 
kettes 18. The diskettes 18 can be, for example, mini- 
floppy diskettes having a diameter of 5}’’. Still further- 
more, and also as will become apparent, the disk pack 
42 need only be rotated a limited amount around pivots 
34 and point 69 to move any one of the diskettes 18 into 
the retrievable position for picking by picker mecha- 
nism 20. 

With reference again to FIG. 3, base 14 supports a 
drive mechanism 70 for rotating box 16 about pivots 34. 
Mechanism 70 includes an index cam 72, having a cam 
surface 74, which is connected to the bottom of tray 32, 
and a clevis 76 having a cam follower 78 which moves 
along surface 74. A stepper motor 80 and lead screw 82 
are connected to clevis 76 to drive cam follower 78 
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along cam surface 74, thereby pivoting tray 32 and, 
hence, disk pack 42. 

Stepper motor 80, as will be further described, is 
selectively controlled to drive or move cam follower 78 
to any one of five discrete positions along cam surface 
74. This action brings any one of the diskettes 18 stored 
in disk pack 42 into the retrievable position for retriev- 
ing by picker mechanism 20, as will now be described. 

FIG. 5 illustrates the bent guide 60-1 of box 16 as 
being rotated downwardly to a position called the re- 
trievable position. In this retrievable position, the dis- 
kette 18 in guide 60-1 is in a position ready to be re- 
trieved by picker mechanism 20 (not shown). Then, as 
shown in FIG. 6, the picker mechanism 20 has retrieved 
the diskette 18 from guide 60-1 and moved it to the 
operative position at which the diskette 18 is clamped 
on spindle 22 and ready to be rotated. In moving from 
the retrievable position to the operative position, the 
diskette 18 is guided by guide 60-1 and by edge guide 30 
on base 14. In the operative position, a portion of the 
diskette 18 is still supported in guide portion 62-1. 
Moreover, the guide portion 62-1 is aligned with edge 
.guide 30 and the guide portion 62-1 is parallel to the 
plane of rotation of diskette 18. Thus, while the diskette 
18 is bent or angled when in the retrievable position, it 
is flat when in the operative position. 

It now may be appreciated that box 16 can be pivoted 
to any one of the five discrete positions to move any one 
of the five diskettes 18 into the retrievable position 
shown in FIG. 5. The angles of guide portions 62-1 
through 62-5 are such that when any one of them is in 
the retrievable position and the corresponding diskette 
18 is moved into the operative position, the diskette will 
be flat having the parallel plane of rotation. 

After using the diskette 18 in the operative position, 
the picker mechanism 20 returns this diskette 18 to the 
retrievable position. Then, box 16 can be pivoted to any 
one of the other rotatable positions to place another 
diskette in the retrievable position, which is then 
brought into the operative position. FIG. 7 shows an- 
other diskette 18 being in such an operative position. 
This pivoting of box 16 is random in the sense that box 
16 can be pivoted from any one rotatable position to any 
other rotatable position to move a selected diskette 18 
into the retrievable position without having to first 
retrieve any of the diskettes 18 in any intermediate 
guides 60. As will be further described, this selection 
process is performed under program control of a data 
processor, such as a microprocessor, which controls 
energization of stepper motor 80. 

FIG. 8 illustrates the picker mechanism 20 in relation 
to a diskette 18 that is assumed to be in the retrievable 
position. The diskette 18 has a jacket 84 surrounding a 
disk-shaped data storage medium 86. The jacket 84 of 
each diskette 18 has a slot 88 that is aligned with cut-out 
56 of disk pack 42 and has an edge groove 90 (see FIG. 
4B) that is aligned with spring biased detent 52 and 
groove 54 of disk pack 42 when the diskette 18 is stored 
in the pack 42. 

Picker mechanism 20 includes a pick head 92 that has 
a pair of openable and closeable jaws 94 which pick or 
clamp the diskette 18 via slot 88. Pick head 92 is sup- 
ported on a carriage 96 which rides on a pair of guide 
rods 98. A spring 100 is disposed between the upper of 
the jaws 94 and the carriage 96 to bias the jaws 94 
closed. The upper of the jaws 94 moves vertically on a 
shaft 102 that has a cam follower 104 connected across 
and extending away from shaft 102. 


20 


25 


40 


45 


50 


55 


60 


65 


6 


A support member 106 supports a pick cam 108 near 
the retrievable position. Pick cam 108 has a lever 110 
that is pivotally connected to support member 106 by a 
pivot 112 and is biased into the position shown by a 
spring 114. A cam surface 116, which is slanted and 
fixedly connected to lever 108 and is in the path of cam 
follower 104, has an incline 118, an incline 120, and an 
underside 122. 

Support member 106 also supports a release cam 124 
near the operative position. Release cam 124 has a lever 
126 that is pivotally connected to support member 106 
by a pivot 128 and is biased into the position shown by 
a spring 130..A cam surface 132, which is slanted and 
fixedly connected to lever 126 and is in the path of cam 
follower 104, has an incline 134, an incline 136, and an 
underside 138. 

A drive mechanism 140 for moving the carriage 96 
along guide rods 98 includes a stepper drive motor 142 
which drives a continuous belt 144 that is coupled to 
carriage 96. Also shown is a stripper 146 which strips 
the diskette 18 from'a depending member 147 (see FIG. 
9) of the upper of jaws 94 as the pick head 92 releases 
the diskette 18 in the operative position. 

Carriage 96 has a cam follower 148 which, when 
diskette 18 is in the operative position, causes a disk 
clamp mechanism 244 (see FIG. 15) to pivot down- 
wardly and clamp diskette 18 on the spindle 22. This 
disk clamp mechanism 244 is released when carriage 96 
and cam follower 148 move toward the retrievable 
position. Carriage 96 also has a flag 149¢ that is movable 
into an optical sensor 149d to signal that pick head 92 is 
in a home position, as will be further described. 

In the operation of the picker mechanism 20 to re- 
trieve a diskette 18, and with reference to FIGS. 8-11, 
as the pick head 92 is driven in an outward or disk-out 
direction towards the retrievable position, cam follower 
104 moves up incline 118 and then incline 120. This 
action opens jaws 94 against the bias of spring 100 (FIG. 
9). Then, as pick head 92 is driven further in this direc- 
tion, cam follower 104 moves off of incline 120, allow- 
ing spring 100 to bias jaws 94 closed through slot 88 and 
clamp diskette 18. 

Then, pick head 92 is driven in the reverse or disk-in 
direction towards the operative position to move dis- 
kette 18 partially out of disk pack 42 and into edge guide 
30. During this disk-in movement, cam follower 104 
contacts underside 120 (FIG. 10) of pick cam 108 to 
pivot lever 110 upwards and allow pick head 92 to 
bypass pick cam 108 without opening jaws 94 which are 
clamping diskette 18. 

Then, with reference to FIG. 8, as pick head 92 con- 
tinues to be driven towards the operative position with 
diskette 18, cam follower 104 rides on incline 134 and 
incline 136 to again open jaws 94. As the jaws 94 open, 
depending member 147 tends to raise diskette 18 at its 
forward edge 150, but this edge 150 contacts the under- 
side 151 of stripper 146 which strips diskette 18 from 
depending member 147, thereby allowing diskette 18 to 
lie flat around spindle 22 in the operative position. Pick 
head 92 then continues to be driven in the reverse or 


‘disk-in direction beyond the operative position so that 


cam follower 104 moves beyond incline 136, thereby 
allowing spring 100 to bias jaws 94 closed. 

After the diskette 18 is used in the operative position 
and is to be replaced in the retrievable position, pick 
head 92 is again driven in the forward or disk-out direc- 
tion from its last described position. Cam follower 104 
contacts underside 138 of cam surface 132 to pivot lever 
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126 upwards and bypass release cam 124 without open- 
ing jaws 94. As shown in FIG. 11, as this disk-out move- 
ment continues, closed jaws 94 push on edge 150 via 
depending member 147 to move diskette 18 towards the 
retrievable position. As cam follower 104 then rides 
along incline 118 to begin opening jaws 94, which now 
lose contact with edge 150, carriage 96, and hence pick 
head 92, is driven no further, unlike when pick head 92 
is moved to retrieve the diskette 18. The manner in 
which cam follower 104 is moved beyond cam surface 
116 to retrieve diskette 18 and then moved only onto 
incline 118 to return diskette 18 to the retrievable posi- 
tion will be described below. 

Then, at the position of cam follower 104 at which it 
is stopped on incline 118, groove 90 in diskette 18 starts 
to receive spring-biased detent 52 on disk pack 42. De- 
tent 52 then rides into groove 90, forcing or drawing 
diskette 18 into the retrievable position. In addition to 
this function, detent 52 also maintains and aligns all of 
the diskettes 18 in the disk pack 42. As with stepper 
motor 80 which is used to pivot box 16, stepper motor 
142 is energized under program control by the data 
processor to be described below. 

FIG. 12 illustrates the data storage medium 86 of the 
diskette 18 that.is used in conjunction with the position 
control device 24. The storage medium 86 is made of a 
material, such as Mylar, which will expand or contract 
in response to various temperature and humidity condi- 
tions. Another factor to be more fully discussed is that 
the diskette 18 may be slightly mis-clamped on the spin- 
dle 22 in the operative position such that the storage 
medium 86 may rotate slightly eccentrically. 

The diskette 18 is manufactured or used with a refer- 
ence datum shown generally at 152. As one example, 
the reference datum 152 is a single concentric reference 
or servo track 154. The reference track 154 has single 
frequency signal of, for example, 125 KHz written on it 
and is 0.0012” or 12 mils wide. Also included on the 
storage medium 86 for position control purposes are a 
plurality of sector holes 156, e.g., sixteen equiangularly 
spaced sector holes, although only every other or eight 
of the holes 156 need be utilized for position control 
purposes. An index hole 158 is also made on the storage 
medium 86 for indexing purposes. Storage medium 86 
also has, for example, concentric data tracks To-T153 on 
which to record data, each track To-T153 being, for 
example, 0.004’"’+0.0002” wide with a center-to-center 
spacing of 0.0059” at 70° F. and 50% relative humidity. 
Among other things, expansion and contraction of the 
medium 86 will increase and decrease the center-to-cen- 
ter distance of the data tracks To-T153, as well as move 
outwardly and inwardly the inner diameter (I.D.) of 
reference track 154. 

FIG. 13 shows a curve or waveform 160 of the ampli- 
tude vs. width of the single, as outputted by the record- 
ing head 28, frequency signal from the inner diameter 
(I.D.) to the outer diameter (O.D.) of the reference 
track 154 at a given circumferential position of track 
154. The waveform 160 has a generally level portion 
162 of constant amplitude F that falls off over a linearly 
sloping portion 164 leading towards the I.D. Shown 
along the X-axis are four points Po-P3, at which wave- 
form 160 has corresponding amplitude ratii Ro-R3 
which are the ratii of the amplitude of the frequency 
signal at points Po-P3 to the amplitude F of level portion 
162. Thus, for example, Ro equals the amplitude at Po 
divided by F, which is approximately 0.8. It should be 
noted that due to, for example, manufacturing toler- 
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ances, the amplitude F of the frequency signal written 
on reference track 154 may vary from one diskette 18 to 
another, or may vary along the circumference of track 
154 of one diskette 18. However, the shape of waveform 
160 will be substantially the same so that at correspond- 
ing points Po-P3 from the I.D., the ratii Ro-R3 will be 
the same. That is, for example, Ro=0.8 will be the same 
for each waveform 160. Also to note on sloping portion 
164 is a ratio Rrp, which is, for example, equal to 0.5 F 
and corresponds to a reference position (RP) of refer- 
ence track 154. 

FIG. 14 shows a position control circuit 166 of posi- 
tion control device 24 that may be used in conjunction 
with the data storage medium 86. Medium 86 is shown 
on the spindle 22 which can be rotated by a motor drive 
shown generally at 168. Also shown is the carriage 26, 
which is driven by a motor 170, such as a 1.8°, 4-phase, 
stepper motor, and the recording head 28. 

Carriage 26 also carries a sensor 172 which is of a 
material that expands and contracts proportionally to 
the material of data storage medium 86 in response to 
temperature and humidity conditions. Preferably, sen- 
sor 172 is of the same material as the medium 86 so that 
if the latter is Mylar, then the former is Mylar. Sensor 
172 has a readable scale 174 which constitutes a plural- 
ity of spaced apart scale lines or indicia 176. The spac- 
ing of scale lines 176 is such that there are 10 lines or 
pulses (pips) corresponding to the center-to-center dis- 
tance between each adjacent data track To-T153, and 20 
lines or pulsess between reference position RP of refer- 
ence track 154 and track To. Sensor 172 also has a car- 
riage home marker 178, which indicates when the car- 
riage 26 is in a home position. In this home position, as 
shown in FIG. 12 and FIG. 14, recording head 28 
should always be substantially outside the O.D. of refer- 
ence track 154. This home position is predetermined to 
account for worst case conditions in which the medium 
86 may expand, causing the reference track 154 to move 
outwardly, or in which slight eccentric rotation of the 
medium 86 on spindle 22 may cause portions of refer- 
ence track 154 to move outwardly towards head 28 in 
the home position. 

A microprocessor 180, such as the Intel 8051, manu- 
factured by Intel Corporation, Santa Clara, California, 
receives a home position signal from a fixed sensor 182 
via a line 184, an amplifier 186 and a line 188. Sensor 182 
is at the fixed position to sense marker 178 when car- 
riage 26 is moved into the home position. A sector/in- 
dex sensor 190, having a light source 192 and light sen- 
sor 194 disposed on opposite sides of medium 86, gener- 
ates sector signals and index signals as sector holes 156 
and index hole 158 rotate between source 192 and sen- 
sor 194. These sector and index signals are fed over a 
line 196, an amplifier 198 and a line 200 to an interrupt 
port of microprocessor 180. Recording head 28 pro- 
duces an amplitude signal, as shown in FIG. 13, propor- 
tional to the amplitude of the frequency signal on refer- 
ence track 154. This signal is coupled to an RF amplifier 
202 over a line 204, whose output on a line 206 is cou- 
pled to a rectifier and peak detector 208 that generates 
a DC voltage signal proportional to the amplitude of 
the frequency signal. An A/D converter 210, under 
control by microprocessor 180 over a control line 212, 
converts the DC voltage output of detector 208 on a 
line 214 to a digital number which is fed on a data bus 
216 to microprocessor 180. 

A fixed quadrature scale sensor 218 senses each scale 
line 176 on scale 174 as the latter moves radially across 
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medium 86. Sensor 218 produces four pulse signals on 
four lines 220 each time a scale line 176 moves out- 
wardly or inwardly across sensor 218. Logic in a direc- 
tional signal and pulse detector 222, in response to the 
information on lines 220, produces an outward/inward 
directional control signal on a line 224 and a pulse signal 
on a line 226 for each scale line 176. An up/down 
counter 228 is switched into an up-count state in re- 
sponse to the outward directional control signal on line 
224 or a down-count state.in response to the inward 
directional control signal on line 224, and counts each 
pulse on line 226. Under control by microprocessor 180 
via a control line 230, counter 228, which may be a 
16-bit counter, sends the count over data bus 216 to 
microprocessor 180. 

As previously indicated, motor 170 is a 1.8°, 4-phase 
stepper motor which would move carriage 26 and 
hence head 28 a distance of 0.0059 inches for each full 
step of 1.8°, A motor control circuit shown generally at 
232 includes a driver circuit 234 that controls motor 170 
over four lines 235 by sourcing and sinking current to 
the two sets of coils (not shown) in motor 170. Driver 
circuit 234 receives a conventional 4-phase drive signal 
from microprocessor 180 over two lines 236. Given the 


10 


15 


20 


four possible states of lines 236, four possible states of 25 


current flow directions exist for the two coils in motor 
170. Motor 170 is locked at even stepped increments 
when a steady state condition exists with lines 236 fixed 
in any one of their four possible states. Motor 170 moves 


in full step increments given a change in state in one of 30 


the two lines 236 which results in corresponding 
changes in state of current flow to the motor coils over 
lines 235. é 

Under the control of a timer 240 and gating signals it 
generates on two lines 238, full step movements in 
motor 170 are divided by 100, such that corresponding 
movements in head 28 are 59 microinches of 1 1/100th 
of center-to-center tracks spacing. In particular, micro- 
processor 180 generates data words on data bus 216 and 
loads these into timer 240 with control line 242. These 
data words provide information for producing gating 
signals on lines 238 which result in driver circuit 234 
driving current on lines 235 in a phase modulated fash- 
ion in one of the coils of motor 170 in a duty cycle 
ranging from 0 to 100%. 

In the overall operation of position control circuit 
166, under software control to be further described 
below, microprocessor 180 first activates motor control 
circuit 232 to drive motor 170 to move carriage 26 and 
hence head 28 in the outward direction towards the 
home position. When this home position is reached, 
sensor 182 detects marker 178, thereby to signal micro- 
processor 180 via amplifier 186. Microprocessor 180 
then controls circuit 232 to deenergize motor 170 and 
stop the movement of carriage 26. During this outward 
movement, scale 174 has been moving across quadra- 
ture scale sensor 218. Thus, counter 228 has been placed 
in an up-count state and has been incremented with each 
passage of a scale line 176 across sensor 218 to store a 
count corresponding to this home position. 

Thereafter, microprocessor 180 activates control 
circuit 232 to energize motor 170 to drive carriage 26 
and head 28 in the inward direction towards reference 
track 154. During this movement, counter 228 is in the 
count-down state and has been decremented with each 
passage of a scale line 176 across sensor 218. 

Assume now that head 28 has crossed the O.D. of 
reference track 154 and is moving across reference 
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10 
track 154 to produce level amplitude portion 162 of 
waveform 160. At each step of motor 170, and for one 
revolution of data storage medium 86, microprocessor 
180 receives 8 sector signals via sensor 190 at its inter- 
rupt port to receive and store 8 data words from A/D 
converter 210 identifying the amplitude F at 8 corre- 
sponding circumferential locations of reference track 
154. This sequence of stepping motor 170 and hence 
head 28 across level portion 162 and collecting 8 data 
words from A/D converter 210 at each step continues 
as head 28 approaches the I.D. of reference track 154 to 
produce sloping portion 164. If it is assumed that the 
amplitude F is constant across level portion 162 at each 
of the 8 circumferential locations, microprocessor 180 
now identifies this as the reference track 154 and stores 
the value F for each of these 8 circumferential locations 
for later use. 

Then, under control of microprocessor 180 and con- 
trol circuit 232, head 28 is microstepped to produce 
sloping portion 164 and at each step the above- 
described sequence of obtaining 8 amplitude values or 
data words of the amplitude of waveform 160 is per- 
formed. Assume now,.for example, that head 28 is at a 
position along portion 164 such that all 8 amplitude 
values are within the range <0.8F and > a value 5, ie., 
the amplitude of the frequency signal along 8 circumfer- 
ential positions is within this range. The value 5 repre- 
sents a noise factor so that if an amplitude is detected 
that is equal to or less than this value, a reclamping 
occurs of diskette 18 on spindle 22, as will be described 
in connection with FIGS. 15-17. Also assume that data 
storage medium 86 is not rotating eccentrically and that 
if there is expansion or contraction it is uniform about 
the circumference. Finally, also assume that the value 
0.5F corresponds to an absolue reference position RP 
for subsequently accurately locating the data tracks 
To-T 153. 

Accordingly, at the present position of head 28 along 
portion 164, there are amplitude ratii ro-r7 at the 8 cor- 
responding circumferential points on track 154 that are 
identical, these ratii being calculated by microprocessor 
180 and equal to the amplitude along portion 164 di- 
vided by the previously determined amplitude F of 
level. portion 162 at the 8 circumferential positions. 
Microprocessor 180 can then calculate the offset of 
head 28 at the 8 circumferential positions corresponding 
to ro-r7 from the absolute reference position corre- 
sponding to 0.5F. Moreover, a single count N presently 
in counter 228 for these 8 sectors identifies the present 
position of head 28. 

More particularly, assume that the abovementioned 
offset of the position of head 28 from 0.5F corresponds 
to a distance equal to a count of 1 counted by counter 
228. Microprocessor 180 then can calculate the position 
of data track To (the outer data track), since it is prede- 
termined that this track To is 20 pips or scale lines 176 
from the reference position RP of 0.5F. That is, micro- 
processor 180, having the count N, can then subtract. 1 
due to the offset and then subtract 20 to store the num- 
ber representing the position of track To relative to this 
reference position RP. Thereafter, microprocessor 180, 
in the manner previously described, can drive head 28 
in the inward direction with scale 174 crossing sensor 
218. When counter 228 has counted down 21 pips, 1 pip 
for the offset and 20 pips for the spacing between the 
reference position RP and the separation distance to 
track To, the count in' counter 228 equals the number 
calculated by microprocessor 180. Microprocessor 180 
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can now stop the head 28, which will be centered on 
data track To. This, it can now be appreciated, is be- 
cause sensor 174 and scale 176 have expanded or con- 
tracted the same amount as data storage medium 86. 
That is, there always are 20 pips between the reference 
position RP of reference track 154 and data track To, 
though the spacing between pips will increase or de- 
crease, as will the spacing between these two tracks, 
with expansion or contraction. Note also that there will 
always be 10 pips between the centerlines of adjacent 
data tracks To~T 53. 

A number of other factors can now be appreciated. 
The offset for each of the 8 sectors when count N oc- 
curs is individually determined. Thus, if the rotation of 
medium 86 is slightly eccentric, different offset values 
are calculated and stored for the 8 sectors. As the me- 
dium rotates, microprocessor 180 will move head 28 in 
accordance with the count in counter 228 to cause head 
28 to follow the eccentricity of track Tp. Also, head 28 
can be aligned with any other data track T}-T153 by 
moving carriage 26 until counter 228 has counted down 
by 10 for each data track to be crossed in seeking a new 
data track. A similar procedure occurs when moving 
head 28 from an inner data track to an outer data track, 
except counter 228 now counts up by 10 for each data 
track that is crossed. 

The data storage medium 86 has been described as 
including data tracks To-T153 as well as reference track 
154. The position control circuit 166 has been described 
as functioning to move and align recording head 228 
over any one of the data tracks To-T153 relative to the 
reference track 154. However, it will be appreciated 
that the principles of this alignment technique can be 
employed with other disk drives in which, for example, 
there are a plurality of hard disks aligned on a spindle 
and a plurality of aligned recording heads for each of 
the disks. One of the disks can be a reference or servo 
disk having only the reference track 154, with the other 
disks having only the data tracks To-T153. The position 
control circuit 166 with the recording head 28 can be 
used exclusively with the reference disk. As the record- 
ing head 28 is moved to positions relative to the refer- 
ence track 154, the other recording heads will become 
aligned with their corresponding data tracks To-T153. 
This assumes all of the disks on the spindle will expand 
and contract, and rotate eccentrically, if at all, to the 
same degree. Further, the position control circuit 166 
can be used in connection with disks or diskettes having 
data track densities other than that indicated for me- 
dium 86. 

FIG. 15 illustrates a disk clamp mechanism 244 that is 
used to clamp a diskette 18 onto spindle 22. Disk clamp 
mechanism 244 includes a clamp arm 246 that is pivot- 
ally mounted on base 14 at 248 and a disk clamp 245 that 
extends over spindle 22. Clamp arm 246 carries a cam 
250 having a slanted cam surface 252 and a straight cam 
surface 254 on which cam follower 148, which is con- 
nected to pick head carriage 96 (see also FIG. 8), can 
ride. A spring 256 biases clamp arm 246 and, hence, disk 
clamp 245, to an upper or unclamped position, as shown 
in FIG. 16. 

FIG. 16 shows the disk clamp mechanism 244 and the 
cam follower 148 when pick head 92 is moving in a 
direction towards the operative position. Then, as pick 
head 92 approaches the operative position, cam fol- 
lower 148 rides along cam surface 252 to bias clamp arm 
246 and disk clamp 245 downwardly against the bias of 
spring 256. As clamp follower 148 approaches the top 
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12 
of cam surface 252, diskette 18 becomes clamped on 
spindle 22. As pick head 92 continues moving beyond 
the operative position, cam follower 148 moves onto 
surface 254 to continue this disk clamping action, as 
shown in FIG. 17. 

As previously mentioned in connection with position 
control circuit 166, the amplitude of waveform 160 
being detected along portion 164 may not fall within the 
range <0.8F and > the value 5. This may be due to a 
relatively large misclamping of diskette 18 on spindle 
22, resulting in a relatively large eccentric rotation. If 
this occurs, microprocessor 180, under program con- 
trol, energizes motor 142 to move carriage 96, pick head 
92 and cam follower 148 from the FIG. 17 position back 
towards a position at which cam follower 148 has par- 
tially moved down surface 252, but depending member 
147 has not yet contacted surface 150 of diskette 18. 
Then, microprocessor 180 energizes motor 142 to move 
carriage 96, pick head 92 and cam follower 148 back to 
the FIG. 17 position. This action, it can be appreciated, 
will unclamp and then reclamp diskette 18 onto spindle 
22. If this results in substantially accurate clamping of 
the diskette 18 on spindle 22 such that the above-men- 
tioned amplitude range is satisfied after additional cal- 
culations by microprocessor 180, then no further re- 
clamping action is performed. Otherwise, the reclamp- 
ing action continues at least several times until such an 
amplitude range is satisfied. 

As also previously mentioned, and with reference to 
FIG. 8, when head 92 is moved to retrieve a diskette 18 
from disk pack 42, cam follower 104 moves over and 
beyond incline 118 and incline 120 of cam surface 116. 
However, when pick head 92 is moved to return a dis- 
kette 18, cam follower 104 moves only as far as, or onto, 
incline 118, Thic control of the movement or position- 
ing of cam follower 104 occurs in the following manner. 

Carriage 96 carries the flage 149a which moves into 
the optical sensor 1495. This is the “home” position of 
carriage 96, at which cam follower 104 is on the incline 
118. When retrieving a diskette 18, under program con- 
trol, microprocessor 180 energizes motor 142 to drive 
carriage 96 to its “home” position and this is sensed by 
microprocessor 180 via sensor 1496. Thus, microproces- 
sor 180 knows where carriage 96 and pick head 92 are. 
Then, under program control, microprocessor 180 
drives head 92 further towards the retrievable position. 
When the head 92 is then driven with diskette 18 
towards the operative position, flag 149a is removed 
from optical sensor 149d so that again microprocessor 
180 knows the position of head 92. Thereafter, when 
head 92 pushes on diskette 18 to return it to disk pack 
42, flag 149a again is moved into optical sensor 1495 at 
the “home” position at which cam follower 104 is on 
incline 118. Microprocessor 180, therefore, again knows 
of the position of carriage 96 and deenergizes motor 142 
to stop further movement of head 92. The previously 
described detent 52 then draws diskette 18 into disk 
pack 42, 

Similarly, when retrieving a diskette 18, the box 16, 
under program control, is moved to its home position at 
which flag 41¢ is moved into optical sensor 415. This 
“home” position is the position where one of the 
grooves 60, for example, groove 60-1, is in the retriev- 
able position. Microprocessor 180 thus knows the posi- 
tion of box 16. Then, under program control, motor 80 
can be energized by microprocessor 180 to drive box 16 
to position a desired groove 60 in the retrievable posi- 
tion in anticipation of retrieving a selected diskette 18. 
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While not shown, there also can be included as part of 
the disk drive 12 a similar flag and optical sensor to 


inform the microprocessor 180 when door 38 is opened _ 


and closed. If, for example, the door 38 is opned when 
a diskette 18 is in the operative position on spindle 22, 
microprocessor 180, under program control, can actu- 
ate picker mechanism 20 to drive diskette 18 back into 
disk pack 42 in the retrievable position. 

Computer program listings for an 8080 microproces- 
sor for performing the above-described functions are 
included as part of the specification at the end of the 
description and before the claims. A description of the 
title and general content of the listings is given below. 

1. Command Input For PICPAC—This program 
implements the procedure for pivoting box 16 to bring 
a selected diskette into the retrievable position and for 
moving the selected diskette between the retrievable 
position and the operative position. It brings the above- 
described components into the “home” positions and 
controls the clamping and reclamping of the diskette to 
reduce or eliminate eccentric rotation. 

2. Position Control Module—This program imple- 
ments the procedure for compensating for expansion, 
contraction and eccentric rotation of the data storage 
medium 86 when moving the head 28, but assumes that 
amplitude F of level portion 162 is constant at each of 
the 8 circumferential locations along reference track 
154. 

To summarize the overall operation of disk drive 10, 
a disk pack 42 is loaded into tray 32 with the plurality of 
diskettes 18. Under software control, microprocessor 
180 controls the pivoting of box 16 to move a selected 
one of the diskettes 18 into the retrievable position. 
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Then, picker mechanism 20, under Sofwate control, is 
actuated to pick the one diskette 18 from the retrievable 
position, move it into the operative position, and clamp 
it or reclamp it on spindle 22. Then, under software 
control, spindle 22 is driven to rotate the data storage 
medium 86 and position control device 24 is actuated to 
seek and accurately follow the data track To-T\53, 
whether or not the medium 86 expands, contracts or 
rotates slightly eccentrically. After using the selected 
diskette 18, picker mechanism 20, under software con- 
trol, moves the diskette 18 from the operative position 
to the retrievable position in anticipation of the selec- 
tion of another diskette 18. 


In addition to the advantages specifically described 
or indicated above, the picker mechanism 20 uses only 
a single motor 142 to move and clamp a selected dis- 


. kette 18 on spindle 22. The process of picking a selected 


diskette 18 from the retrievable position, unclamping it 
from the picker mechanism 20 at the operative position, 
clamping the diskette 18 on spindle 22, unclamping the 
diskette 18 from spindle 22, and returning the diskette 
18 to the retrievable position in disk pack 42 is synchro- 
nized by means of a mechanical picker mechanism 20 
that requires only the one motor 142 to drive carriage 
96. Furthermore, pick head 92 is not driven onto the 
edge 150 of diskette 18, but clamps the diskette 18 
through slot 88 without causing wear or other damage 
to the jacket 84 and data storage medium 86. Nor does 
the pick head 92 hold the diskette 18 by friction. 


Other aspects, objects and advantages of the inven- 
tion can be obtained from a study of the drawings, the 
disclosure and the appended claims. 
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} 
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jNONE_? 
RIGHT RETURN ZERO 
MORE CHARACTERS DECREHENT CHAR COUNT 
iH POINT 10 CHAK IN BUFF 
jGET CHARACTER 
(POINT TO WEXT CHARACTER 
CHARACTER IN A 


FIMITIALIZE KBD BUFF PTR 
SAVE IT 


; 
iKeset character buffer for repeat counand. 


f 
REPEAT: 

LDA SAVEPTR 
STA KBDBUF +1 
LDA SAVEPTREL 
STA KBOBUF +2 
CALL = RETEND 


U0 COMMAND UNTIL CR KEY 
DOFE: 
HUI COBH 
605 
4 
JL REPEAT 
JKR GETHORE 
PRIHSD! 


HOY Aut 
CFI ry! 

RZ 

MOV ErA 
PUSH =o 

CALL © CONDUT 
rOP H 

INX H 

JHP PRTMSG 


j 
STARTS 
LXI 3f LOOH 
CALL = DSSELECY 
MUI ArPAC 
CALL etey 
CALL SETSSTF 
HOMESPIC 
CALL STORE$DISC 
CALL =: HOMES$PAC 


LOOP: ; 
LY He INPRMI 
CALL PRTMSG 
Catt = LINEIN 
NEXT: 
LX HeNEXT 
PUSH oH 
CALL -GETCH 
OR 
JZ «Ge TSHORE 
Cert? 
jz —sMTSe 
CPro 
JZ HOKE 
Cry? 
i2 REPEAT 
CPI PR? 
2 ——sODOFE 
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rGet @ of characters in comsand 
iPut it in buffer 

rOet previous command 

Put it ia buffer 

iReset keyboard pointer 


iGET CHAR FOR PRINT 

PRETUKN UN # CHAK 

iPUT CHAR 1 £ FOR SENDING 
RING PTR 


PR 
iRESTORE STR PIR 
POINT TO NEXT CHAR 


HDISABLE PIC 
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IBET LINE FROM CONSOLE 


iGET CHARACTER FROM BUFFER 
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GO$DISC 
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GOSUISC 
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GOSHIST 
yy? 
GETSDISC 
q’ 
STORESOISC 
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RECLMP 
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GET SHORE 
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HOMESPIC 
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HOME SPAC 
BAD 


H 
RETEND 
LOaP 


Hy BADSCHD 
FRIMSG 
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INPL — EQU 
PORT$A2 EQU 
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EQU OE7H 
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BUFFER FOR & OF CHARS IN COMMAND 
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PACSDIS EQU 


PICSRATE 
LOADSRATE 


4,453,188 


19 20 
OCH 
Fou = 20 
Fou? 
ou 


CLUPSRATE E 
STRTSUNSCLMFSRATE EQU 80 
UNSCLHPSRATE —E 
STRTSUNSCLMPSSTPS EQU 3 


i 

PACSRATE 
STRTSPACSRATE 
STRTSPACSSTES 
! 

PICSPOS EQu 
DELTA EQU 
PICSHOKSPOS 
NENSPICSPOS 
DISCSINSPAL 
REL SPOS 
CLMPSFOS 
NOSCLMPSPOS 
PICSSENSOR 
PACSSENSOR 
PIC 

PAC 

} 

FIXDLY 

} 

FAD 

REV 

y] 

OFFSSET 


EQU bs] 

EQU 12 

EQU Ps] 

0 

12 

EQU DELTA 
£QU DELTA+4 
EDU DELTA-2 


Fou CEL TA#i00 
FOU —-DELTA+135 
EU DeLIaeits 


EQU 

EQU 02H 
EQU 0 
Eau 1 
EQU O40H 
EQU 1 
EQU 0 
EQU 18 


! 
iGet sensors from data buss. 


GETSSENSORS: 


PORT$B2 
A 


INPL 
PORT$B2 
PORT$Bt 
BrA 


A 
PORT$B2 
ArB 


i 
iftoves Picker head out past hoge sensor 


BOSOUT: 


FRDSREV 
DLYSAMT 


THP 
ArPIC$RATE 
ae 


140 
HSLOQOP 
TMP 
DLYSAMT 


jDelay 2 asec for each count in DLY$AHT. 


DELAY: 


L 
DLYLP: AVI 
BLOGP: DCR 


ete 
STRTSDLY$AMT 
OLYLF 
DLY¢AMT 
om 
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21 22 
JNZ BLOOP 
OCR A 
NZ BLYLP 
POP B 
RET 


‘Steps selected motor one step from current position 
rin D in direction set by FHDSREV. 


! 
SNOSSTP: 
LDA FHDSREV 
ORA A 
DCX ) 
dt SETSSTP 
INX D 
INX D 
SETSSTP: 
LXT Ho STPSTBL 
HOV AE 
ANI O3H 
ADD t 
HOV Loa 
INC $5 
INK H 
gsi. DI 
IN PORT$A2 
ANT O9FH 
ORA i 
ah PORT$A2 


CALL DELAY 
RET 


ister selected device from CURSPOS to new position in DB. 


} 
CHPLSH: 
MOV AdL 
CHA 
MOV = LaA 
HOV) AGH 
CHA 
HOV HoA 
: RET 
1 
inesets start delay if we have gone STRISTPS steps. 
U 
STARTSDELAY: 
LXI He STRTSSTPS 
LDA = STRTSCTR 
INR A 
STA = STRTSCTR 
CMP 
RNZ 
XRA A 
STA = STRTSSLOW 
; RET 
? 
STEPSIT: 
LHLD = CURSPOS 
CALL = CHPLSH 
i) 
JNC STO 
HVT As FD 
INX oH 
JHPo STL 
S10: CALL CMPLSH 
HVT = ArkEV 
Tit = STA = FMDSREV 
HOV Bull 


MOV Cel j# of steps to new Position in BSC 
LHLD = CURSPOS 


X A 
STA STRISCTR 
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H$LOQP: 
MOV Arb 
ORA A 
JZ L$LOgP 
LOA STRT$SLOW 
ORA 4 
CNZ. STARTSIELAY 
CALL © SNDSSTP 
DCX B 
JMP HSLOUF 
L$LOQP: 
MOV AC 
ORA A 
LLP: JZ SSEXIT 
nee STRTS$SLOW 
CN2Z STARTSDELAY 
CALL § SNDS$STP 
DCR C 
JMP LLF 
S$EXIT: 
XCHG 
SHLD == CUR$P0S 
XCHG 
: RET 
! 
Selects PAC motor if B=LsPIC motor if §=0, 
i 
SELECT: 
LDA PIC$PAC 
CHP 
LHLD == CURSP0S 
XCHG 


OK 
LHLD == TMP$P0S 
SHLD = CURSPOS 


SHLD = TMP$P05 
CALL © SETS$STP 


Ok HOV ArB 
STA PICSPAC 
ORA A 
DI 
NZ SELSFAC 
IN PORTSA2 
ANI O7FH 
QUT PORT6A2 
E] 
RET 

SELSPAC: 


ArPACSENBL 
OuT PORT$18CONT 
HUT ArFACS$RATE 
STA DLYSANT 


EI 
RET 
iDisable selected sotor. 
DSSELECT: 
LDA PICSPAC 
ORA A 
DY 


JNZ OSSELSPAC 
IX PORT$A2 
80H 


ORI 
QUT PORT$A2 
EI 
RET 
DS$SELSPAC: 
M ArPACSBIS 
a PORTS1$CONT 
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25 
iSelect PIC kotor and hone it, 
U 
HOMESPIC: 

MY 1 

CALL SELECT 

MI A:PICSRATE 

STA OLYSAHT 
iHone without selecting 
PIC$HOME : 

CALL — GET$SENSORS 

ANT PICSSENSOR 

at FAD 

CNZ BOSDUT 

MVI AsREV 

STA FHDSREV 
HS$PIC$L: i 

CALL  GET$SENSORS 


ANI PICS$SENSOR 
STPR 
MVI ae 


HEEXT 
STPR: by SNDSSTP 


HSPIC$L 
H$EXT: LX] H»PICSHOMSPOS 
§ CURSPOS 
CALL = DSSELECT 
RET 


iset the disc from racy wove it in to drive and clamp it 
! 
vaio 


NI ArPICSRATE 
STA DLYS$AMT 
HVT BrPIC 
CALL SELECT 
LXI Di PIC$POS 
CALL © STEPSIT 
MVI ArLOADSRATE 
STA DL SANT 
LXI DrRELSPOS 
CALL STEP$IT 

MUI ArCLHPSRATE 
STA DLYSAMT 
LX] OB CLMPSPOS 
CALL = STEPSIT 
CALL = SSELECT 
RET 


i 

iPut disc back in pacy move Picker to index Pac position 

STORESDISE: 
HVI 


BiPIC 
CALL = SELECT 
MVI ’ 
STA STRISSLOW 
MVI ArSTRTSUNSCLUFSRATE 
STA STRTSDLY€A 
HVT ArSTRTSUNSCLHPSSTPS 
STA STRTSSTPS 
KVI ASUNSCLUPSRATE 
STA DLY$AHT 


LX] DNOSCLMPSPOS 


CALL STEPS 
HVT ALOADSRATE 
STA LY SAMT 

CALL  PICSHOME 

WI —-ByPIC 

CALL SELECT 

UXT Ds DISCSINSPAC 
HUE = APPICERATE 
STA —_DLYSAKT 

CALL © STEPSTT 

HVT AYLOADSRATE 
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STA DLY$AKT 
LXI Dr NEWSPIC$POS 
CALL = STEP$IT 
CALL = BSSELECT 
RET 
i 
reclame the disc tn the drive 
! 
RECLHP: 
MUI BPIC 
CALL SELECT 
AVI 


ArOFFH 

STA STRISSLOK 

MVI ArSTRTSUNSCLMPSRATE 
STRISDLY$AMT 


STA 

MVI ArSTRISUNSCLMPSSTPS 
STA STRTSSTPS 

HVT As UNSCLMPSRATE 

OTA DLY$AHT 


$ 
LXI Ds NOSCLMPSFOS 
CALL = STEPSIT 
HI AsCLHPSRATE 
DLYS$AHT 
Lk] DCLHPSPOS 
CALL «= STEPS$IT 
CALL = USSELECT 
? 
iHome the pac wotor 
U 
HOME S$PAC: 
MVI BrPAC 
CALL = SELECT 
AVI Ar REV 
STA = FRD$REV 


HSPACSL: ; 
CALL GETSSENSORS 
ANT PACSSENSOK 
7 STE 
HUI = «As03H 
ANA OE 


: EXTB 
STPB: Cali «= SE TSSLOW 
CALL  SNDS$STP 
JHP H$PAC$L 
EXTB: 


Hrd 
SHLD CURSPOS 
iHtD © -BISCSTEL 


CALL © SETSSLOW 


160 to disk specified in b8C 
BOSDISC: 


MOV Av 
RLE 

HOV aT) 
PUSH =—s&B 

AVI Br PAC 
CALL = SELECT 
POP B 

LXI H  BISC$TBL 
GAD i 

MOV Erk 
INX H 

MOV 


Ded 
CALL © SETS$SLOX 
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iSET UP FOR SLOW START OF FAC. 

? 

SETSSLON: 
MVI ALOFFH 

STA STRT SSL 0H 

AVI ArSTRISPACSRATE 

STA STRISDLYSAMT 


VI ArSTRISPACSSTPS 
STA STRTSSTPS 


RET 
t 
DISCSTBL: OW OFFSSET, Llo+OFFSSET, 237+0FF $SET 
DW SSO+UFFSSET 472+0FFSSET 
THPSPOS: DN 0 
CURSPOS: DW 0 
THP Db d 
STPS$TBL* DB 60H+40H102 20H 
DLYSAHT DB 2 
FHDSREV: DB FHD 


PIC$PAC: DB PIC 
STRTSSTPS: DB bh) 
STRTSCTR: DB 0 
STRT$SLOW DB 0 
STRISDLYSAMT §=—OB R| 

t 


Aes ignkion control mre W02.02 DML 3/24/81? 


i.This code implements il Aine contro! functions required in 
i the Aglgn drive. It ts ¢ from the inact code. 

PUBLIC ELTAPOS, fates CURPOS, H 

PUBLIC GOSNENSPOS, THERE?, PUTSN ‘ices 

EXTRN DELAY, GETBPB, PUTBPB, PUTBPCs RDDRY, RDPOS 
MAXUSTEF EQU 3t 132 logical sicrosters = one half-step 
STEPMASK EQU 7 iMask for valid ster nuabers 
} parenetens for the wicro-sterping routine 
DIRBIT EQU ITt = Direction = inwards ; 
IT2  pHe’re at a half-step position 
173s pWe’re at a full-step position 
Pa 


~ iNoninal number of units per track 
SATE EQU rlf we're this closer we wait 
uSTEPSDLY £QU 00 iDetay after each wicro-ster 
USTEPSSETTLE  EQU 322) 3uS at end of 2 sove 

STEPSTIHE EQU $225 Hehe staal for 305 
SETILESTIME Eau 767 iFull head-settiing tine 

t DELTAPOS is called en PL/I with a 16-bit argument specifying 

i the number of units that the drive is to aove. 


Nite ee oo tt 
tJ 


DELTAPOS ; 
acs Pick up the argument 
BEBHL 
NOINT : 
LHD = NEWPOS jAdd the argument to NEWPOS 
SHLD NEWPOS jand wake it the new Position 


i GOSNENSPOS Perform the sove 
} GOPOS moves the head to an absolute position. 
" DESHL iGet the arguaent 
DEGHL 
XCHG rinto H&L 
SHLD  NEWFOS 
iat GOSNEW$SPOS = =. ;Move it 
i CURPOS returns the current position to a PL/I program. 
i PUTSNEWPOS simply takes 2 new position in H&L and loads 
hit into NEWPOS. 


CALL = ROPOS Return POSCTR to PL/I 
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Ail iIn case they’re only looking 
RET jat the lower 8 bits 
PUTSNENPOS: 
sh NEWPOS Store it off 
i ee is called to move the head until POSCTR equals 
GOSNEWSPOS: 


CALL DOSNEWSPOS iMove the head 
LXI H uSTEP$SETTLE iWait for it to dame 
LL DELAY 


cab DOSNENSPUS rand aake sure it’s there 


DOSNEWSPOS rerforms o move of the head to bring POSCTR into 
conformance with NEWFOS., It has two stages. If the Greene 

to be moved is at least a full step, it will sove the head to 

the nearest full step in the desired direction and then keep 
poving the head in full sters until the remaining distance is 
Jess than a full step. When the distance is less than 2 full 
ster, the head will be micro-sterped in the desired direction 
until ib arrives at the desired position. Note that the distance 
to be aoved 1s re-calculated each time through one of the loops. 
This allows an interrurt routine to sodify NEWPOS during execution 
of the routine with the erorer response, 

DOSNENSPOS: 


tl he ee te 


CALL  CALCDST Halculate distance to be moved 

Cc rExit if the distance i5 zero 

SAVREG iSave a copy of the distance 

Pe i ~ (TRACKSSIZE+1) rAre we at least a full stee away? 
JC Fster iYes. Go full-step the head 

CALL uSTEF iNo. Micro-ster it 

RSTREG H HGet distance back again 

a 7 (SETILESSIZE+L) iAre we close? 


IC DOSNENSEOS iNo. Go do it again 
LXI HruSTEPS$DLY rYes. Let it slow down 


CALL = DELAY 
JHP DOSNENSPOS 
Fster: RSTREG H iClean up the stack 
CALL  GOFSTEP iGo to nearest full step in desired direction 
LXI delet iLet it settle 
CNC rif a wove pecacexa 
Fsloor: CALL PALCUST iCan we take another full ster? 
a i ~{TRACKSSIZE+L) 
JHC DOSNEWSFOS iNo. Go wicro-step 
CALL =o STEP rYes. Go step the head 
LXI Ho STEPSTIME jand let it settle 
ig DELAY 


J Fsloop 
i GOFSTEF moves the head to the nearest full-ster position in the 
i direction indicated oy DIRECT. If the head is already at a full- 
inpete position, it returns with the carry-bit set. 


LDA CURUSTEP pare we there already? 

CFI MAXUSTEP 

STC Assume we are. 

JZ Gofret rYes. Bo nothing 

LDA DIRECT iSter increment is two if DIRECT 

ANI 2 ris outward, and zero otherwise 

NOV CoA Have it 

LXI H+ CURSTEP ad if ster is odd 

nav AM 

RAR iGet LSB of ster into carry 

MOV al 

SuI 0 iand subtract the carry from the incresent 
AOL MN iAdd it to tne step 

ANI STEPMASK iKeer the ster in range 

MOV NeA iSave it aff 

CALL  DOSTEF iand put it out to the hardware = 
WI A MAXUSTEP sSet CURUSTEP to the full-ster rosition 


STA CURUSTEF 
MVI A:COUNTERIMODE Tell the hardware 
OuT COUNTERCONTROL 
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33 a 34 
LDA uSTEPS$TBL+MAXUSTEP 
QUT COUNTER! 
ORA iClear the carry bit 
Gofret: RET 


i CALCDST calculates the renaining distance and leaves it 

in HAL. In additions it sets DIRECT aprropriately if the distance 
is non-zero and returns with the carry bit set if it is zero. 
THERE? compares the current position with NEWPOS, returning with 
fie cant bit clear if they are equal, and set if they aren’t. 


wwe ete tee 


ve RDPOS ihet current rosition 
LHLD = NEWPOS rGet desired position 
MOV ful dHL = -HL-DE 
SUB E 
MOV tra 
thy AvH 
SBB D 
MOV Han : : ? 
ORA L ion’t change DIRECT if distance is zero 
J2 Clcret rbut return with the carry bit set 
ny ArH Load DIRECT from sign of result 
i 
SBE A 
STA DIRECT 
J2 Posdst iForn absolute value 
NEGHL 
Posdst? STC iKeturn with the carry bit clear 
Cleret: CHC 
RET 
THERE? : 
rie RDPOS iLoad up current position and NEWPOS 
LHLD = NENPOS 
oH a iSubtract’ thes 
MOY LA iWe only need to save the lower byte 
HOV aH 
SB 
ORA L bA=0 tf result is zero 
RET -t rf result is: zeros return with carry clear 


k 
) uSTEF gicro- is the head by one in 3 direction determined 
by DIRECT. IRECT = 0 moves the head outward, DIRECT = -1 soves it 
in.) It is Eble drivens and the index into the table ts 
defined a5 follows: 


Bit 9 -- Current ster is odd 

Bit 1 -- Direction is inward 

Bits 2+ J, and 4 -- 
900 -- Norsal 
001 -- CURUSTEP = 0 (Half-step if step is odd) 
O10 -- CURUSTEP = 1 (Half-ster if step is even) 


OL -~ CURUSTEP = MAXUSTEP-1_ (Full-ster if step is odd) 
100 -- CURUSTEP = MAXUSTEP (Full-ster if step is even) 


STEP: 
LXI He CURUSTEP iPick ur the current micro-step 
HOV ‘Dy Fora an index out of it 
HVI Da 
HOV CE iSave it for later 
rt usin iGet bits 2, 31 and 4 
HOV Ev iof the table index 
LUA DIRECT Add bit 1 froe the direction 
ANI DIRBIT 
ORA E Mix it in 
HOV EvA sand save it 
LOA CURSTEF iNow bit O from LSB of CURSTEP 
HOV BiA But save it first 
ANI BITO 
ORA E wand do the mix 


HOV EvA Back to form the index 
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mat oe iSee if there’s a step change 
ty Ark 
OKA A 
dz Noster iThere rsn’t 
ADD i iThere is, Add it to the saved ster value 
AKI STEPRASK Keer it in range 
STA CURSTEP rave it off : 
SAVREG =(B+D)> 

DOSTEP jand put it out to the hardware 


CALL 
RSTREG = (D+B) 
Noster! at GPUS TER SING iow add in the sicro-step change 


Al 
Moy ArH 
ALD c 
STA CURUSTEP and save the result 
HOV ErA iTranslate from logical to physical 


MVI A COUNTERLMODE But first set ue the counter 
OUT COUNTERCONTROL 
LXI HUSTED IEE 


DAD 

HOV At iGet the physical value 

QUT COUNTERL Put it aut to the counter 
uSTEPSCLASS: 

DB Q04H 

D8 508H 

REPT 28 

DB 

ENDM 

DB OOCH 

: OLOH 
STEF SINC 
Or Ur Or 0 sNerther half-ster nor full-step 

Db QO, -tr 1, 0 +CURUSTEP = 

DB 0, QO 1. 0 ICURUSTEF = | 

Db 0, Or QO» 1 sCURUSTEP = HAXUSTEP-1 

-tr Or Or 1 7FCURUSTEP = HAXUSTEP 
uSTEPS$INC 
ty -te -tr 1 iNornal 

Ob tr id, 1s 2% sCURUSTEF = 0 

DB li -ly -tr 1 sCURUSTEP = 1 

IB te ~t) -ly 2 sCURUSTER = MAXUSTEF-1 

DB -by -f) -t, -L i CURUSTEP = HAXUSTEP 
uSTEPS$TBL: 

Db ty Sy 9) 13e E5, 17r 19) 2 

3 23, 25+ 271 29) Shr Jd, 35) 3 

bg 39, 42, 45, 48) Sle 54, 57, él 


DE 651 691 731 77> B21 871 931 100 
; STEP moves the head by one full step in the direction determined 
i by DIRECT. Note that it is the responsibility of the calling 
i routine to wait an appropriate length of time before trying 
ita wove the head again. 


MVI Er-2 yassune DIRECT = 0 and set increment 
ae cael iTest the assumption 
JP Strout isnt. Leave it alone 
HVT Er2 jWrong. Change it 
Straut: aN CURSTEP sAlter the current ster 
ANT STEFMASK iKeer it in range 
STA CURSTEP 
tae DOSTEF Reflect it in the hardware 


i DOSTEP takes a logical step position in the accuaulator, 
j iets ayes it to a physical valuer and puts it aut to the 
i hardware, 


DOSTEF: - 
MOY EsA iMake of the value 3 table index 
KVI +0 
LXT He STEPTBL Perform the transtation 
DAL D 
HOV ArH —— 
CALL = PUTBPC rOuteut it 
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STEPTBL: 
DB 
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41612050715110 iTranslation table -- losical af 


ito physical 


i HOHEHD puts the head into the position from which to start 


} 

H 

i 

H 
XRA 
STA 
CALL 
LXI 
ENC 

Fulste: CALL 
ANI 
JNZ 
LDA 
ORA 
2 

Goster: CALL 
LX] 
CALL 
JMP 

Hdhose: LXI 
Call 
CALL 
SAVREG 
RI 
CALL 
RSTREG 
CALL 
LXT 
SHLD 
RET 
DSE 

NEWPOS: DW 

DIRECT: DB 

CURSTEF: 
DB: 

CURUSTEP: 
DB 
END 
TITLE 
MACLIB 


eee we 


looting for the outer servo track. 
head outward to the nearest full-ster position... =: 
It then sters outward in full steps until 
ce track zero sensor is true and CURSTEF is 0. 


A 

DIRECT 
GOFSTEP 
fle ne 
DELA 

Goster 

cm let 
Hdhome 
STEP 

He STEPS$TIME 
DELAY 


Fulste 
HeSETTLESTIME 
DEL 


MAXUSTEF 


It first woves the. . 


iSet step direction 
ito outwar 
iGo to the nearest full ster 
jand let it settle 
iif we moved 
Track zero sensor set? _ 


fo wove the head 
Are we at step 0? 


iNo. 
Yes, 


i¥es, We're done 

iNot yet. . Step out. and try again 
iWait for it to settle 

iLet it quiet down 


iClear the position counter 


rand NEWPOS 


“FPosition. to which to move . 


iDirection of desired nove 
i) = outwards -1 = inward 


iCurrent ster 


iCurrent wicro-ster 


jaesuent Hodule 00.07 DML 3/11/81? 


This godule eatin the code having to do with index 
pulses and segment interrupts. 
interrupt handler and the enUs nee which find, start, 
interrupt, and stor index pulse 


It contains the sedsent 


PUBLIC SEGINT, CURSES, STOPIP, STRIIFs INTIPs SYNCIP 
SEGFSM, GETBPAy PUTBPA, STRICKs STOFCK 


EXTRN 
tates, Used ae into a tabley so:.increnent by two. 


Sich 


EQ 2 
EQU 4 


EQU . 
QU 8400 
} SEGINT is the seguent interrupt code, 


Mask for valid sedment numbers 
iTimer count to seperate tndex pulses 
It aaintains’ 


; CURRENT$SEGMENT: calls the Sesnent Finite State Machine 


if appropriates and controls the passing through of 


the index pulses to the controller. 


EI 
SAVREG (PSH) Bs DH) 


SEGINT: 
Ul 
LHLD 
BAD 
HE@HL 
CHG 
CALLGHL 


DeSTATESVEC 
ae 


RSTREG (HD+ Bs PSH) 


STATESVEC: 
UW 


GTSYNC 


iGo to the appropriate routine 


iDo it 


iSYNCSFIND 
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i] bOrP + INDEX 
DW DOWOTIF PSEGMENT ; 
? GTSYNC_is the routine for the interrurt handler in 
) SYNCSFIND state, 
GTSYNC: 
STOPCK iGet the tine from the last rulse 
Notsyn ilf the clock hasn’t been started yet 
a pepariite Check the interval 
JC Notsyn Ht was long. This isn’t it 
XRA A iEureka. Set CURRENTSSEGMENT to zero 
STA CURRENT $SEGMENT 
ae uote sand the state to noraal 
JMP Gtsret iFintsh up and leave ; 
Notsun: CALL = STRICK pReset the timer and start it up again 


Gtsret: SNDEOI 
RET 


ae handles the interruet when this is an index eulse. 


GETBPA iGate the pulses off from the controller 
NOT DRVSTATENA 

PUTBPA 

Hy SEGMENT Reset the state 

WD State 
SNDEOI 


} DONOTIP handles the interrupt when this is a normal seseent interrurt. 
DONOTIP: 


io  cmaanainael yAdvance the segment counter 

ANI SEGHASK iKeer it in range 

STA CURRENT $SEGHENT ; 

C2 INDEX$NEXT iIf an index pulse is coming up 

SNDEOI sAllow the segment routine to be interrupted 
a Ered tote rif the current segment is even 

CZ SEGFSM Process it in the PL/I code 


RET 
} INDEX$NEXT examines IPFLAG to see what to do about the upcoming index 
+ pulse. IPFLAG = -1 causes the index pulse to be passed through to 
i the controller, IPFLAG = | causes the eulse to be locked out. 
1} IPFLAG = 0 causes this one to be skipped» but succeeding ones 
i to be let through. 


NDEX$NEXT : 
LXI Hr iNDEX Change the state 
SHLD = STATE 
tte ai +See what we’re supposed to do 
dM Indxon iml. Pass it on 
JNZ Inret il. Leave it locked out ; 
DCR A 10, Ignore tnis one and reset the flag 
STA IPFLAG 
- SMP Inret 
Indxont NOINT = _ 
CALL  GETBPA iEnable the index pulse back to the controller 
DRYSTATENA 
CALL  PUTHPA 
RSTINT 
Inrat: RET 


j These routines are aft PL/I callable. CURSEG returns the current 
i segment number. STOPIP, SIRTIPs INTIF» and SYNCIP stor, start, 
hqueecrurts and find the index pulses. 

SEG: 


LDA CURKENTSSEGMENT 
oan A iDivide it by two for PL/1 
MOV LiA PPL/T wants it in both A and HL 
AVI H»0 
RET 
STOPIF: 
AVI iMDissble index pulses until 


aut 
STA PFLAG STRIP 1s called 
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STRTIP! 
MVI 7k iEnable index pulses 
STA IPFLAG 
RET 
INTIP: 7 
a ee iIf the index pulses are now enabled 
JNZ Iavid ; 
XRA A {Stor vust the next one 
STA TPFLAG 
Invid: RET 
SYNCIP: 
XI HSYNC$FIND iSet the state to find the index 
SHLD = STATE i 
Htsync: a te and wait until it’s been found 
I 
CPI LON SYNCSFIND 
I Wtsync 
RET 
DSEG 
STATE: BW SYNCSFIND State variable for interrurt handler 
aad guar 
IFFLAG: DB 1 ilndex eg lock flag 
rl = Loc 
10 = Lock and enable next one 
ink = Enable 
END 
/t 


Sesment Finite State Machine BML VO0O.18 3/24/81 

This file contains the state gachine activated when there 
is a sednent clock interrupt. It is extremely simple. 
The machine has four states. 

In the IBLE states it does nothing. 

In the SERVO_READ state, it records one revolution’s worth 
of servo information and returns to the IDLE state, 

In the TRACK_FOLLOW state, it pulls a correction value 
out of the CORRECTION table andy if it is different. 

from the current ones moves the head by the difference. 
In the END_TRACK_FOLLOW state, it moves the head back to 
the position it was in when track-following starteds 

ay sets the state to IDLE. 

% 


SEGHENT SE TNETE STATE MACHINE? 


ZINCLUDE MEFINES,PLI’j 
AINCLUDE /OSKDEF.PLI': 
AREPLACE 


IDLE 8B 

SERVO_ Preab BY 2y 

TRACK FOLLOW BY 3, 

END_TRACK-FOLLON BY 43 
ECLARE 


STATE, ENG_SEGHENI 

CURRENT CORRECTION, 

TDPTR POINTER) 

aoe (Q:HAX_SEGHENT) 
ee EER (41 ENTRY VARIABLE STATIC; 


EC 
CURSEG ENTRY RETURNS (FIXED BINARY), 
SELSRY ENTRY GFIXED BINARY)» 
BETAD ENTRY RETURNS (FIXED BINARY) » 
ee ENTRY (FIXED BINARY)» 
SFSM: /* eee the Sednent FSM #/ 
PROCEDURE EXTERNAL? 
STATE_VECTOR(IDLE) = DO_IDLE; 
STATE_VECTOR (SERVO_ READ) = DO_SERVO_READ) 
STATE_VECTOR(TRACK_FOLLOW) = DO. TRACK FOLLOW: 
STATE_VECTOR(END_TRACK FOLLOW) = BOLEND_TRACK FOLLOW 
STATE = IDLE: 
END INSFSM? 
GFSH: /* Sesnent Finite State Machine #/ 
PROCEDURE EXTERNAL} 
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CALL STATE_VECTOR(STATE) Qi | 
EXD SEGFSM; 

TSRYG! /* Read a track of servo data #/ 
ae (TRACK BATA) EXTERNAL? 


ARE 
TRACK_DATA (O:MAS_SEGHENT) FIXED; 
TDPTR = ADDR (TRACK DATA) ; 
CALL sean eee 
STATE = SERVO_READ 
ENG_SEGHENT = ~EORSEB Oj 
eee (STATE = SERVO_READ) ; 


“. 


END GTSRVO: 
SET_CORRECTION: 
fee (NEW_CORRECTIONS) EXTERNAL? © 


“a (O:MAX_SEGHENT) FIXED: 


SEG FIXED ie 
DO SEG = 0 TO MAX.SEGHENT: 
CORRECTION(SEG) = NEK_CORRECTIONS (SEG) ; 


END} 
END SET_CORRECTION? 
STARTTRACKFOLLOW: 
PROCEDURE EXTERNAL? 
CLARE 


SEG FIXED(7); 
ata rh page = 0; 
STATE = K-FOLL 


Hi 
SEG CUREGO) 
HO wAILE” (SEG * CURSEG())3 


END: 

ae STARTTRACKFOLLOK? 
STOPTRACKFOLLON: 
PROCEDURE EXTERNAL? 
IF ae = TRACK_FOLLOW THEN 


STATE = END_TRACK.FOLLOW? 
a (STATE = END_TRACK-FOLLOK) 


END STOPTRACKFOLLOK 
GSET_SEGFSM_ IDLE: 
ete EXTERNAL: 


STATE = IDLE: 
Riz SET_SEGFSM_IDLE: 
a 
END DO_IDLE: 
DO_SERVO_READ: 
PROCEDURE i 
DECLARE 
DATA (0: aes SEGMENT) FIXED BASED (TOPTR): 


TRACK 
TRACK DATA(CURSEG()) = GETADQ): 
IF CURSEG()=END_SEGHENT THEN 
STATE = IDLE: 


END DO.SERVO_READ: 
DO_TRACK_FOLLOW: 
PROCEDURE? 
ECLARE 
(NEW_CORRECTION, DISTANCE) paca 
NEK_CORRECTION = CORRECTION (CURSEG()) > 
DISTANCE = NER.CORRECTION-CURRENT_ CORRECTION: 
IF DISTANCE += 0 THEN 


” CALL DELTABOS (DISTANCE) } 
CURRENT CORRECTION = NEW. CORRECTION; 


END 
END DO_ TRACK. FOLLON 

DO_END_ TRACK -FOLCOW 
PROCEDURE} 
CALL DELTAPOS (-CURRENT. CORRECTION) 
PND BO.END- TRACK FOLLOK; 
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END SEGMENT _FINITE_STATE_MACHINE: 


acti Reading and Interpreting code. VOL.07 DML 3/24/81 

s file contains all the code having to do with the 
track- following servo except for the code executed upon 
segment interrupts which is in the sedment finite state 
gachine (SEGFSH), 


*/ 
SRVO_MOQDULE : 
PROCEDURE: 
ZINCLUDE DEFINES. PLL’; 
ZINCLUDE /DSKDEF.PLI’? 
/* Global data #/ 
sa 


TRACK. DATA (O:MAX_SEGMENT) FIXED» 
SERVO_DATA (O:MAX_SEGHENT) FLOAT) 
CORRECTIONS (O:MAX_SEGMENT) FIXED, 
(TRACKOFFSET, UPPER_LIMIT? INNER. SERVO_ POS) ‘OUTER. SERVO. POS) FIXED, - 
CALIBRATION FLOAT: 
DC_OFFSET FIXED INITIAL (0) 
) STATIC; 
/* External routines #/ 
DEC 


GOPOS ENTRY (FIXED), 
tT. argh) Cony ENTRY ((QsMAX_SEGHENT) FIXED), 


E 
CURPOS ENTRY. RETURNS (FIXED) » 
TRY_ (FIXED) » 


(Hl eo 
al 
GTSRVO ANTRY v0! Ha. ‘SEOHENE) FIXED); 


/% 

SERVOINITIALIZE is the power-up routine for this wodule. 
It makes sure that an INITIAL_SERVO_READ will be perforsed © 
ao first tise a disk is loaded, 


SERVOTNITIALIZE? 
PROCEDURE Pee 


QUTER_SERVO 
ENL SERUOINITTALIZE4 


/tt 

DOSERVOREAD 15 the routine called from outside to find the 
servo track and set up the CORRECTIONS table used for mis- 
clane correction by the sesnent fon. 


*/ 
DOSERVOREAD: 
PROCEDURE EXTERNAL} 
IF OUTER. SERVO. POS = 
CALL INITIAL SER. READ: 


E 
IF *NORMAL_SERVO_READQ THEN 
CALL_INITIAL-SERVO_READ() i 
END DOSERVOREAD: 


BETOUTERSERVOPDS siuely returns the outer servo 
penton to an external routine. 


EETOUTERSERUOPOS: 
Cpa EXTERNAL ci (FIXED); 
RETURN (QUTER_SERVO 
END RPTOUTERSERVGPOS) 


/t 

NORMAL SERVO_READ is the routine normally used pene a disk 
is loaded. It assumes that it will be able to read the 
outer servo track at the same place it did Jast tine. If 
it can’t, it returns a failure indication, If it cans it 
heap the track and re-calculates the mis-clame CORRECTIONS 
able. 


#/ 
NORMAL_SERVO_READ: 
PROCEDURE RETURNS (BIT(1)); 
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DECLARE 
(TOO_FAR_IN, TOO_FAR.OUT) BIT(L)s 

CALL GOPOS(QUTER_SERVO_POS) ; 
CALL PLIDLY (SETTLE_TIME) ? 
CALL GET_SERVO(TOO_FAR_IN» TOO_FAR_OUT) ; 
IF TOO_FAR_IN i TOO_FAR_OUT THEN 

RETURN (FALSE) 7: 
CALL GET_CORRECTION() 3 
ae nee eect TOU ORESTANS 
ND NORMA SERVO. READ; 


TNITIAL. SERVO_READ is the routine which perforss a full- 
enchilada servo read. It is invoked at start-up and at 
any other time when the normal algorithe fails or the 
controller reavests a recalibration. It begins by 
calibrating tne outer channel and recording its 

Sain. (It assumes that the servo dc offset has been 
read before the spindle was turned on at power-up.) 

It then reads both the outer and inner servo tracks» 
records their positions, calculates the growth factor 
to compensate for thermal and hygroscoric growth of 

the disks and calculates the current clapeing error 

7 laa 


INITIAL SERVO_READ: 
PROCEDURE: 


ARE 
FOUND_FLAG 
(TO0_FAR_ IN) TOO. FAR. QUT) BIT: 
CALL HOMEHD(); 
CALL PLIDLY (SETTLE_TIME) 
CALL CALIBRATE_SERVO (CALIBRATION? FOUND_FLAG) : 
A GET_SERVO(TO0_ Hive IN» TOO_FAR_QUT) + 


CORRECTION () 
EAL SET. CORRECTION (CORRECTIONS) 
QUTER_SERVO_POS = CURPOS()+TRACK OFFSET; 
ENG INITIAL_SERVO_READ? 


/* 

CALIBRATE_SERVO is entered with the head eresumed to be 
just outside one of the servo tracks. It sakes a sweep 
inward to try to locate 2 valid servo track and if it 
finds oner sets CALIBRATION to the aaxisua value found 
on the outer portion of it. 

. also returns a success or failure indication. 

¥ 


CALIBRATE SERVO: 
erie (CALIBRATION, FOUND.FLAG) 7 


L 
CALIBRATION FLOAT 
FOUNDFLAG BIT(1): 


LAR 
(I) SEG) FIXED(7), 
(MAX_LEVEL » SAMPLE» MAX_THIS_TRY) FIXED, 
_ AT-EOGE BIT(L)> 
MAX_LEVEL = 07 
CALIBRATION = "9, £0; 
FOUND_FLAG = FALSE? 
pOr=1 Ve MTR yt WHILE (+FOUND_FLAG) ¢ 


MAX_ 
CALL GTSRVO (TRACK. DATA)? 
DO SEG = 0 TQ HAX_SEGHENT; 
SAMPLE = TRACK DATA (SEG) -DC_ OFFSET: 
IF SAMPLE } CAL_TRIVIAL THEN P 
MAX_THIS_TRY = MAX(MAX_THIS_TRY: SAMPLE) i 


END; 

KAY LEVEL = MAX(HAX LEVEL» MAX_THIS_TRY) i 

IF MAX LEVEL > MAX_THIS_TRY#HYSTERESIS THEN 
FOUND_FLAG = TRUE: 


i 
CALL DELTAPOS (TRY_DELTA) 
IF *FOUND_FLAG THEN 


UPPER_LIMIT = (MAX-LEVEL¥B#5) /103 
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AT_EDGE = FALSE: 

DO WHILE (*AT_EDGE)» 
AT_EDGE = TRUE: 
CALL aa ee 
DO SEG = 0 TOM Ti 


X_SEG 
so} RAL = TRACK TATACSEO) - ~DC_OFFSET; 
TF (SAMPLE (= TRIVIAL) ¢ (SAMPLE ) UPPERLLIMIT) THEN 
AT_EDGE = FALSE? 


END; 
IF *AT_EDGE | 
CALL BEL TAPS TRY. DELTA); 


END; 
CALIBRATION = MAX_LEVEL? 
END CALIBRATE_SERVO; 


[t 

GET_SERVO attempts to read a servo track at the current 

head location. It checks for success (the presence of 

valid values afl the way around the track) andy if successful, 
returns the outer levels divided by CALIBRATION. 


#/ 
GET_SERVQ: 
SLE DURE (TOO_FAR_IN» TOO_FAR_OUT)? 


(TOO.FARIN> TOOLFAR_OUT) BIT(L); 
CLARE 


SAMPLE FIXED: 
SEG FIXEB(7); 
TOO_FAR-IN = FALSE: 
TOO_FAR_OUT = FALSE: 
CALL GTBRVDC TRACK DATA): 
DO SEG = HAX_SEGMENT: 
SAMPLE. = TRACK ATA (SEG) - ~DC_OFFSETs 
TRACK_DATA(SEG) = SAMPLE: 
IF SAMPLE (= TRIVIAL THEN 


TOQ.FAR_IN = TRUE? 
IF SAMPLE ) UPPER_LIMIT THEN 
TOO_FAROUT = TRUE: 


END; 
IF “T00_ FAR_IN & fe FAR QUT THEN 

DO SEG = @ TG MAX.SEGHENT: 
SERVO_ nATAtees) = FLUAT (TRACK-DATA(SEG) ) /CALTBRAT ION? 


END; 
END GET_SERVO; 


/t 

GET.CORRECTION transforas the ratios in SERVU_JATA into the 
wis-clamp correction values in CORRECTIONS. At the sane 
tine, it calculates the axount by which the center of the 
servo track is offset from the position of the head when 
ihe track was reads and stores this in TRACK OFFSET. 


ICT_-CORRECTION: 
eres 


ARE 
NSEGS ee 


SEG FIXED(?7) 
0 Sb = 0 TU HA . SEGMENT? 
CORRECTIONS (SEG) = Dat Se DATA(SEG) ) 3 


END; 

TRACK_OFFSET = u 

BO SEG = 0 TO MAX_SEGHENT 

a TRACK. oFFset = TRACK. TAFFSET CORRECTIONS (SES) 


NSEGS = MAX_SEGMENT+1; 
TRACK OFFSET = ACUMOCF LT TRACK. OFFSET) /NSEGS 10} 3 
DO SEG = 0 10 SEGMENT; 
“nGEE TINS SED = ~ (CORRECTIONS (SEG) -TRACK OFFSET) 7 


END 
END. GET_CORRECTION: 


it 
GETDCOFFSET is used at start-up to calibrate the DC offset of the 
servo electronics. It does this by simply reading the A/D on the 
qe cin that there is no disk in place at the tine. 


GETBCOFFSET: 
PROCEDURE EXTERNAL: 


50. 
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CALL SELSRV(F OUTER): 
DC_OFFSET = GETAD(); 
EM GETDCOFFSET: 


52 


DSTCVT is the procedure used to translate: between 3 given servo 
Powers expressed as the ratio between the current reading and 
the recorded naxisue value, and the distance off-track in Pips, 
x 


DSTLYT: 
PROCEDURE (RATIO) RETURNS (FIXED); 
DECLARE 


RATIO FLOAT; 
CLARE 


I FIXED: 
TRTABLE ea FLOAT STATIC INITIAL (.063,.200+. 3167. 588) i 


[= -2 701 
IF RATIO e TRIABLE (1) THEN 
RETURN (I)? 


I 
RETURN (2); 
END DSICVT; 
ENG SRYO_MOUULE: 

What is claimed is: 

1. Apparatus for moving a data storage device be- 
tween a retrievable position at which the data storage 
device is stored and an operative position at which the 
data storage device is used, comprising: 

(a) a pick head having a pair of openable and close- 

able jaws; 

(b) carriage means for carrying said pick head be- 
tween the retrievable position and the operative 
position; 

(c) first pick cam means for opening said jaws during 
movement of said pick head towards the retriev- 
able position and for then closing said jaws about 
the data storage device at the retrievable position, 
said pick head being movable with said jaws closed 
from the retrievable position towards the operative 
position; 

(d) second release cam means for opening said jaws 
‘during movement of said pick head at the operative 
position and for then closing said jaws beyond the 
operative position, said pick head being movable 
with said jaws closed from beyond the operative 
position towards the retrievable position; and 

(e) means for driving said carriage means between the 
Operative position and the retrievable position. 


2. Apparatus according to claim 1 wherein said first 

pick cam means comprises: 

(a) a pivotal member; 

(b) a cam member connected at a slant to said pivotal 
member and having an upper cam surface and an 
underside; and 

(c) a cam follower, connected to said pick head, for 
opening and closing said jaws, said cam follower 
riding along said upper cam surface during move- 


ment of said pick head towards the retrievable 


position and contacting said underside to pivot said 
pivotal member during movement of said pick head 
from the retrievable position rows the operative 
position. : 


3. Apparatus according to claim 1 wherein said sec- 

ond release cam means comprises: 

(a) a pivotal member; 

(b) a cam member connected at a slant to said pivotal 
member and having an upper cam surface and an 
underside; and 

(c) a cam follower, connected to said pick head, for 
opening and closing said jaws, said cam follower 
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riding along said upper cam surface during move- 
ment of said pick head towards the operative posi- 
tion and contacting said underside to pivot said 
pivotal member during movement of said pick head 
from the operative position towards the retrievable 
position. 

4. Apparatus according to claim 1 wherein said means 
for driving comprises: 

(a) a drive motor; and 

(b) programmable processor means for controlling 
said drive motor. 

5. Apparatus according to claim 4 wherein said pro- 
grammable processor means controls said drive motor 
to drive said pick head into the retrievable position 
beyond said first pick cam means to pick the data stor- 
age device and to drive said pick head no further than 
said first pick cam means to return the data storage 
device to the retrievable position. 

6. Apparatus according to claim 1 wherein said car- 
riage means further comprises means for controllably 
securing the data storage device in the operative posi- 
tion. 

7. Apparatus according to claim 1 further comprising 
means for stripping the data storage device from said 
jaws as said jaws are opened at the operative position. 

8. Apparatus, according to claim 1, wherein the data 
storage device has a slot, and wherein said jaws close 
through the slot at the retrievable position and during 
movement of the data storage device from the retriev- 
able position towards the operative position. 

9. Apparatus for providing servo information, com- 
prising: 

(a) a data storage medium having a reference track 
having an outer diameter and an inner diameter, 
said reference track storing a signal having an am- 
plitude waveform across said reference track for 
providing a generally level central portion of con- 
stant amplitude F and a linearly sloping amplitude 
portion having a reference position Rrp and lead- 
ing from said generally level central portion of 
constant amplitude to said inner diameter of said 
reference track; 

(b) means, movable across said reference track, for 
detecting said signal to output said generally level 
central portion of constant amplitude F and said 
linearly sloping amplitude portion; 

(c) means, coupled to said detecting means, for gener- 
ating first data representing said constant ampli- 
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tude F and second data representing the:amplitude 
of said signal at a point on said linearly sloping 
amplitude portion; and 

(d) means, coupled to said generating means, : for de- 

termining the ratio of said second data to said first 
data and for determining an offset of said- detecting 
means from said reference position Rrpin response 
to said ratio. - 

10. Apparatus, according to claim 9, wherein said 
reference position Rgpis at a predetermined ratio of an 
amplitude of said linearly sloping amplitude portion to 
said constant amplitude F. 

11. Apparatus, according to claim 10, wherein said 
predetermined ratio is 0.5F. 

12. Apparatus, according to claim 9, wherein said 
means for detecting comprises: 

(a) a signal detector; 

(b) stepper motor means for moving said signal detec- 

tor across said reference track; and 

(c) means for controlling said stepper motor means to 

move said signal detector in full steps to output said 
generally level central portion of constant ampli- 
tude F and in microsteps to output said linearly 
sloping amplitude portion. 

13. Apparatus, according to claim 9, wherein said 
signal is a single frequency signal. 


14. A disk drive for accessing data, comprising: 

(a) a disk-type data storage medium having a plurality 
of concentric data tracks having centerlines and a 
single concentric servo track having an outer diam- 
eter and an inner diameter, said servo track storing 
a frequency signal having an amplitude waveform 
across said servo track for providing a generally 
level central portion of constant amplitude F and a 
linearly sloping amplitude portion having a refer- 
ence position Rrpleading from said generally level 
central portion of constant amplitude F to said 
inner diameter of said servo track; 

(b) first means, movable across said servo track and 
said data tracks, for detecting said frequency signal 
to output said generally level central portion of 
constant amplitude F and said linearly sloping am- 
plitude portion, said first detecting means including 
a scale having scale lines representing the distance 
between said centerlines of said data tracks and the 
distance between said servo track and one of said 
data tracks adjacent said servo track, said reference 
position Rrpbeing a certain distance from said one 
adjacent data track; 

(c) second means for detecting said scale lines in 
response to movement of said first detecting means 
across said servo track and said data tracks and for 
storing counts corresponding to the positions of 
said servo track and said data tracks; 

(d) means, coupled to said first and second detecting 
means, for determining a ratio of the amplitude of 
said frequency signal at a point on said linearly 
sloping amplitude portion to said constant ampli- 
tude portion F and for determining an offset of said 
first detecting means from said reference position 
Rpepin response to said ratio and for determining a 
number representing the distance from said offset 

__ to said adjacent one data track; and 

(e) means for moving said first detecting means to any 
one of said data tracks in dependence on said num- 
ber and said counts. 


15. A disk drive according to claim 14, wherein said 
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disk-type‘data storage-medium is expandable.and con- 
tractable’and said scale is expandable and contractable 
in proportion to said disk-type data storage medium. 

16. Apparatus for storing and retrieving a data stor- 

age device, comprising: 

(a) means for providing an operative position for the 
data storage device; ; 

“(b) means’ for storing the data storage device at a 

” retreivable position; 

(c) pivotal means for clamping the data storage de- 
vice at the operative position; and 

(d) means for moving the data storage device from 

the retrievable position to the operative. position, 
including 
(i) means for pivoting said: pivotal means to clamp 
the data storage device; 
(ii) a movable carriage carrying said pivoting 
means; 
(iii) a motor for moving said movable carriage; 
and . 
’ (iv) programmable microprocessor means for con- 
trolling said motor to move said movable car- 
- Yiage to clamp and reclamp. the data storage 
device in response to misclamping of the data 
_ storage device at the operative position. 
17.. Apparatus according to claim 16, wherein said 
pivotal means has a pivotal clamp arm and a cam being 
pivotal with said clamp arm, and said pivoting means 
comprises a cam follower being movable along said 
cam. 

18. Apparatus for storing and retrieving a plurality of 

data storage devices, comprising: 

(a) means for providing an operative position for one 
of the data storage devices; 

(b) means for storing the plurality of data storage 
devices and being pivotal in relation to said provid- 
ing means; 

(c) means for selectively pivoting said storing means 
to move a selected one of the data storage devices 
into a retrievable position, including controllable 
means for driving said storing means, and program- 
mable processor means for controlling said con- 
trollable driving means; and 

(d) means for moving the selected one of the data 
storage devices between the retrievable position 
and the operative position. 

19. Apparatus according to claim 18 wherein said 

controllable driving means comprises: 

(a) an index cam coupled to said storing means; 

(b) a cam follower coupled to said index cam; and 

(c) stepper motor means for moving said cam fol- 
lower along said index cam. 

20. Apparatus for storing and retrieving a plurality of 

data storage devices, comprising: 

(a) means for providing an operative position for one 
of the data storage devices; 

(b) means for storing the plurality of data storage 
devices and being pivotal in relation to said provid- 
ing means; 

(c) means for selectively pivoting said storing means 
to move a selected one of the data storage devices 
into a retrievable position; and 

(d) means for moving the selected one of the data 
storage devices between the retrievable position 
and the operative position, including picker means 
for releasably clamping the selected one of the data 
storage devices in the retrievable position and for 
releasably unclamping the selected one of the data 
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storage devices in the operative position. .-- 

21. Apparatus according to claim 20 wherein said 
picker means for releasably clamping and unclamping 
comprises: 

(a) a pick head having a pair of openable and close- 
able jaws for picking the selected one of the data 
storage devices, and having a cam follower; 

(b) carriage means for carrying said pick head be- 
tween the retrievable position and the operative 
position; 

(c) a first pick cam having a pick cam surface for 
opening and closing said jaws, said cam follower 
following said pick cam surface near the retriev- 
able position to open said jaws about the selected 
one of the data storage devices and then to close 
said jaws and pick the selected one of the data 
storage devices in the retrievable position, said cam 
follower bypassing said pick cam surface after 
picking the selected one of the data storage devices 
and while moving towards the operative position; 

(d) a second release cam having a release cam surface 
for opening and closing said jaws, said cam fol- 
lower following said release cam surface near the 
operative position to open said jaws and release the 
selected one of the data storage devices in the oper- 
ative position and then to close said jaws, said cam 
follower bypassing said release cam surface to push 
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the selected one of the data storage devices with 
said jaws closed from the operative position 
towards the retrievable position; and 

(e) means for driving said carriage means. 

22. Apparatus according to claim 21 wherein said 
picker means for releasably clamping and unclamping 
further comprises a stripping device for stripping the 
selected one of the data storage devices from said jaws 
in the operative position as said jaws are opened. 

23. Apparatus according to claim 21 wherein said 
carriage means comprises means for releasably securing 
the selected one of the data storage devices in the opera- 
tive position. 

24. Apparatus according to claim 20 wherein said 
means for storing comprises a pack having a groove and 
a detent biased into said groove to hold the plurality of 
data storage devices in said pack and to force the se- 
lected one of the data storage devices into the retriev- 
able position in response to said picker means for releas- 
ably clamping and unclamping being near the retriev- 
able position. 

25. Apparatus according to claim 20 wherein said 
means for storing comprises a pack having a cut-out, 
said picker means for releasably clamping and unclamp- 
ing being movable into said cut-out to pick and retrieve 


the selected one of the data storage devices. 
* * * * * 


